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SECTION A: MULTIPLE CHOICE 

USE THE ANSWER SHEET PROVIDED 
 
1. Which one of the following compounds is the most acidic oxide? 
  
 a. Na2O 
 b. MgO 
 c. A2O3 
 d. SiO2 
 e. SO2  
 
2. Which one of the following elements has the highest electronegativity value? 
 
 a. C 
 b. S 
 c. P 
 d. Si 
 e. A 
 
3.  A working galvanic cell is constructed using an iron electrode in an iron(II) nitrate solution and a 

silver electrode in a silver(I) nitrate solution. When the cell runs down, it can be charged up again. 
Which of the following scenarios will occur during the charging process?   
[Eº(Ag+

(aq)/Ag(s) = +0.80 V and Eº(Fe2+
(aq)/Fe(s) = –0.41 V] 

 
a. A minimum of 1.21 volts is applied to the cell and electrons move from the silver electrode to 

the iron electrode. 
b. A minimum of 1.21 volts is applied to the cell and electrons move from the iron electrode to the 

silver electrode. 
c. A minimum of 0.39 volts is applied to the cell and electrons move from the silver electrode to 

the iron electrode. 
d. A minimum of 0.39 volts is applied to the cell and electrons move from the iron electrode to the 

silver electrode. 
e. A minimum of 2.01 volts is applied to the cell and electrons move from the silver electrode to 

the iron electrode. 
 

 
4. DNA consists of two strands that run in opposite directions to each other with one end being labelled 

5' and the other 3'. Just like words on a page, DNA is read in one direction, from the 5' to the 3' end. 
A restriction enzyme, used to cut DNA, reads the DNA and recognises the sequence GAATTC and 
cuts the strands between G and A. If applied to the following helix of DNA how many pieces would 
result after denaturing the strand? 

 
5` A GTACGATATAACGAATTCTGACGTAGCGTTAGACTGAATTCATAG  3` 
3` T CATCCTATATTGCTTAAGACTGCATCGCAAGCTGACTTAAGTATC  5` 

 
   a. 2 
   b.  4 
 c. 6 
   d. 8 

e.  10 
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5. Chlorine occurs naturally as a gas at room temperature, yet iodine is a solid. What is the best 
explanation for this behaviour? 

 
a.  The iodine molecule is heavier and hence has a lower vapour pressure. 
b. The iodine molecule has more electrons and a larger nuclear charge, so it forms stronger bonds 

with its neighbours in solid form. 
c. The chlorine molecule has a higher electronegativity and hence interacts more strongly with 

polar molecules in the atmosphere. 
d. The iodine molecule has more electrons over a greater volume, so there are more dispersion 

forces due to induced dipoles. 
e. The chlorine molecule is polar, and so is more easily displaced from solid or liquid phase by the 

molecules in air. 

 
6.  What is the pH of a 0.010 mol L–1 solution of a weak monoprotic acid that is 4.0% ionised? 

a. 2.00    
b. 2.40    
c. 2.80    
d. 3.40 
e. 7.00 

 

 
7.  The salt Na2HAsO4.nH2O is an ionic salt containing n waters of crystallization. In warm air, this  
  compound readily effloresces and loses these water molecules to its surroundings. If the mass lost 
  during this process is 40.42% of the original, how many waters of crystallization were there  
  originally? 
 

a. 1 
b. 3 
c. 5 
d. 6 
e. 7 

 

8. Which one of the following elements would be expected to form the largest ion with a noble gas 
electron configuration? 

 
 a. A 
 b. C 
 c. P 
 d. K 
 e. S 

 

9. A certain buffer solution contains equal concentration of weak acid (HX) and its conjugate base (X–). 
 Ka for HX is 2.9 × 10–5. What is the pH of the buffer? 
 

a.  4.53 
b.  5.53 
c. 7.00 
d.  8.47 
e.  9.47 
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12. The enthalpy change of formation (ΔfH0) for a species at 298 K is defined as the enthalpy change 
 that accompanies the formation of one mole of a substance from its constituent elements in their 
 standard states. Which of the following species has ΔfH0 = 0 kJ mol–1? 
 
 a.  H2O(l) 
 b.  Na(g) 
 c.  Na(s) 
 d.  CO2(g) 
 e.  O3(g) 
  

 
 

13. Doctor Who has a secret laboratory on Venus where atmospheric pressure is 92 times that of Earth 
 and room temperature is 735 Kelvin. There, Doctor Who mixes 4.00 g of CaCO3 with 40.00 mL of  
 1.00 mol L–1 HC. What volume of carbon dioxide gas at VSTP (Venusian Standard 
 Temperature and Pressure) is produced? 
 

a. 1.81 mL 
b. 13.1 mL 
c. 26.2 mL 
d. 52.4 mL 
e. 111 mL  

 

 

14. Use the standard reduction potential given below to calculate Eº for the following reaction: 
  Cr2O7

2–
(aq)   +   14 H+

(aq)   +   6 Fe2+
(aq)   →   2 Cr2+

(aq)   +   7 H2O()   +   6 Fe3+
(aq). 

 
[Eº(Cr2O7

2–
(aq)/Cr3+

(aq) = +1.33 V and Eº(Fe3+
(aq)/Fe2+

(aq) = +0.77 V] 
  

 
a. 0.56 V 
b. 0.98 V 
 c. 1.00 V 
 d. 2.10 V 
 e. 3.29 V 

    
 

15. One way to measure the concentration of a substance is through molality. A 1 molal solution is 
 defined as 1 mol of substance per 1 kg of the solvent used to make up the solution. What is the 
 molality of a solution made by dissolving 100 g of bromothymol blue (C27H28Br2O5S) in 1.00 L of 
 ethanol on a winter’s day at 10ºC? The density of ethanol at this temperature is 0.7979 kg L-1. 
 

 a. 0.100 mol kg–1 
 b. 0.128 mol kg–1 
 c. 0.160 mol kg–1 
 d. 0.201 mol kg–1 
 e. 0.252 mol kg–1 
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(d) What is the oxidation state of the indicated metal in each of the following compounds? 
 

(i) Au in HAuC4    

(ii) Pt in (NH4)2PtC6 
 

(iii) Pd in H2PdC4 
 

(iv) Ru in Sr2RuO4  

 
Next, iron(II) sulfate solution is added to the solution containing HAuC4, H2PtC6, and H2PdC4 in order to 
precipitate gold metal, Au. In this process the AuC4– ion is converted into Au(s) and C– ions.  Fe3+ ions are 
also formed. 
 
(e) Write two balanced half-equations and the overall redox equation for the reaction that occurs when 
iron(II) sulfate solution is added. 
 

Oxidation Half-Equation: 

 

 

               

Reduction Half-Equation: 

 

 

               

Redox Equation:  

 

 

 

 
Anode mud is at most 2.50% gold by mass. 
 
(f) (i) Calculate the maximum mass of gold that can be attained from 75.0 kg of anode mud. 
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(ii)  Calculate the minimum volume of a saturated (1.70 mol L–1) FeSO4 solution that is required to ensure 
complete precipitation of gold from 75.0 kg of anode mud. 

 
During electrolytic refinement the concentrations of the soluble impurities – Fe, Ni and Co – build up in the 
copper(II) sulfate solution and must be removed before they reach levels that interfere with the refinement 
process.  
 
In order to determine the amount of these impurities, the copper(II) sulfate solution obtained after the 
refinement of 100.0 kg of crude copper was analysed. The concentration of the copper(II) sulfate solution 
remained constant at 1.000 mol L–1 throughout electrolysis.  
 
A 25.00 mL sample of the solution was diluted to 250.0 mL. 20.00 mL aliquots were titrated with a  
0.1000 mol L–1 solution of EDTA with an average titre at endpoint of 21.37 mL. EDTA binds strongly to 
Cu2+, Fe2+, Co2+and Ni2+ in the following way: 
 

M2+ + EDTA → M(EDTA)2+. 
 
(g)  Calculate the total concentration of M2+ ions in solution following refinement. 

 

 



Page 11 of 30 
2012 Australian Science Olympiad Exam - Chemistry 
©Australian Science Innovations ABN 81731558309 

Triethanolamine was added to 50.00 mL samples of the undiluted solution. Triethanolamine binds to Fe2+, 
Co2+ and Cu2+ but not to Ni2+. Triethanolamine-bound metal ions are unable to react with EDTA. Titration 
of these aliquots with the 0.1000 mol L–1 EDTA solution gave an average titre of 8.79 mL. 
 
(h) Calculate the concentration of Ni2+ ions in solution following refinement. 

 
Excess ammonium sulfide solution – (NH4)2S – is added to a 100.0 mL sample of the undiluted solution. 
Cu2+, Fe2+, Co2+ and Ni2+ ions all form insoluble sulfide salts of the formula MS(s). Filtration, drying and 
weighing of the resulting precipitate yielded 10.180 g. 
 
(i) Given that Cu, Fe, Co and Ni are only present in the M2+ form, calculate the concentration of Fe2+ and 
Co2+.  [Remember the copper(II) sulfate concentration is constant at 1.000 mol L–1.]   
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